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KORhWOUl) 

Volume  2 of   the  Final   Report on Contract FÜ4611-7I- 
C-()0J2,   d   Joint effort  of  the Advanced Projects 
Department and   Solid Rocket  Division  of Rocketdyne, 

A  Division  of North American Rockwell  (Corporation, 
was  prepared  by Solid  Rocket Division,  McGregor, 
Texas.     Volume  2 documents a  survey  of applica- 
tions  of mechanical   suppression devices   in  solid 
propellant  rockets.     This document  carries   the  con- 
tractor's   library  serial  number  R-HH22-2. 

Air Force monitor for this effort is Tapt. C. P. 
Wende Ik en. Work under the 10-morit,h contract was 
initiated  7 December   197D. 

Publication  of  this  report,  which  contains  clas- 
sified  information  extracted  from numerous  Govern- 
ment and   industry releases,  does  not constitute 
Air Force approval   of   the  findings  or conclusions 
contained  herein.     Jt  is published  only  for   the 
exchange and  stimulation of  ideas. 
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TNTRODUCTION 

(ll)     A   10-month  program entitled   "Suppression Devices   for Solid   Propel- 
lant  Rocket Combustion  Instability"  has  been  performed  by  the Advanced 
Programs  Department and   the  Solid  Rocket Division  of Rocketdyne   for   the 
Air Force Rocket Propulsion Laboratory under Contract F0;i6ll-71-C-()0I2. 
To  have   the  benefit of experience  at  the  outset  of  this   program   in   the 
application of mechanical   suppression devices  to solid  rocket combustion 
instabil i ty, one  subtask  of   the  contracted effort entailed a  survey of 
past application  of  such  devices.      It was   intended   that,   to  the  degree 
possible,   this  survey would  provide  a  description  of   the   suppressors 
used,   information  relative   to  their   installation and  operating  experi- 
ence,  and an  indication  of   their  effectiveness. 

(U)     This  report  presents   results   of   the  survey undertaken.     The   scojie 
and  sources  of   information  used and  a  summary of   the  applications   of   the 
various   types  of  suppression  devices   identified are   included   in  subse- 
quent sections. 
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score OF SIJRVI:Y 

(ll)    A  comprohensivo   (but. not  necessarily complete)  survey  of application 
of  suppression devices   in rocket motors  has  been  completed.     This  survey 
was   limited   to mechanical   suppression  devices   that generally,   for   pur- 
poses   of   this discussion,  may  be  grouped   into the  categories   of   rods, 
baffles   (including paddles),  and  acoustic cavities   (resonant and  non- 
resonant).     The  survey was  further  restricted  to  relate  only   to   instances 
involving  operational   rocket motors   or development  versions   of  such 
motors,  where   the   intention  clearly was   to   incorporate  a  suppression 
device ultimately   into   the motor  design. 

(ll)     The   principal  sources  of   information  for  this  survey were   the   "CI'TA 
Motor Manual"  (lief.   l)x,   technical   reports  (both Government and   contrac- 
tor),  and discussions with selected   individuals.     The  earlier  reviews  by 
Price   (Ref.   2,  3,  V)   pertaining  to  occurrence  of  combustion   insta- 
bility during rocket motor development  programs were  especially  helpful. 

(ll)     The   technical   reports  reviewed were   identified  through   bibliogra- 
phies  requested  from various  sources.     The  primary  bibliography used was 
obtained   from  the  Defense   Documentation  Center  (l)l)C)   covering a   time 
period  encompassing  the   past l^1) years.     This  bibliography  cited  386 
reports;   however,   only '«1   of   these appeared   to have  relevance   to  con- 
tract  objectives,  as   summarized   in  Table   I.     A   listing  of   these   specific 
reports   by  title   is   presented   in  Table   11. 

(ll) To complement the DDC material a similar report bibliography was 
obtained through North American Rockwell's Technical Information Pro- 
cessing System (NAß-TIPS). This bibliography cited 191 reports. After 
correlation with the DDC bibliography and screening for relevance, an 
additional 'i7 reports were identified for review. These are listed in 
Table ITT. A category and relevance summary of these reports is also 
presented   in Table  T. 

^Identifies references  listed at end  of report. 
**Mr.   Price  permitted full  use   of  his   personal  files   in regard  to  this 

survey.     His assistance   is  gratefully acknowledged. 
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~*mmm' 

* 

Rocketdyne 
North American Rockwell DM 

(u) TAH.E  T 

REPORT BTHLIOGRAPHY CATEGORY AND Ifl^EVANCF S'JMMARY 

Relevance 
Number  of  H«ports                    j 

DDC NAR TIPS 
Rating* Category Bibl i ography Hi hi i ography Total | 

1            1 Motor Kxperience Ik . . \k 

!     2 Suppression Devices r) '4 
0   1 

1     i Proceedings,  Program Reports 9 14 123    j 

i     '* Mechanism () 26 32    | 

\     r> 
Cold Flow 3 ■ . 3 

6 Mi seellaneous h 3 '    1 

|                           To ta 1 a k] '.7 88    i 

Rating  of   1   i s most relevant 

i 
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(u) TABLE III 

NAR-TIPS REPORT BIBLIOGRAPHY, 

COMBUSTION INSTABILITY SUPPRESSION DEVICES 

SUMMARY OF APPLICABLE ENTRIES 

Item 
So. 

Description 
Title Author(8) Agency Pate 

II.     Suppression Devices 

1 Influence of Vent Design on Flow-Dependent 
Acoustic  Losses of  a Resonator with Steady 
Gas Flow,   Final  Technical Report 

änith,  Feldman Bolt,Beranek, 
Newman 

Apr,66 

2 Computer  Simulation of High Frequency 
Combustion Instability and Its  Suppression. 
Final Report. 

Bücher United Air- 
craft 

Apr,68 

3 Suppression of Acoustic Combustion In- 
stability.     A Report Bibliography. 

  DOC Aug,68 

'        k Feasibility of a High Performance Fluid 
Controlled  Solid Propellant Rocket Motor 

III.     Proceedings,   Prog. Rpts.,  etc. 

Hercules Jul,70 

5 Proceedings of the  Interagency Chemical 
Rocket Propulsion Group Combustion In- 
stability Conference/lst/,  16-20 Nov. 
1964,   Orlando,  Fla.,   Volume I 

CPIA Jan,65 

*> Proceedings of the  Interagency Chemical 
Rocket Propulsion Groups Combustion  In- 
stability Conference/lst/.   16-20 Nov. 
1964,   Orlando AFB,  Florida,  Volume Il/u/ 

CPIA Jan,t)5 

7 Abstracts  of the 2nd  Interagency Chemical 
Rocket Propulsion Group Combustion Con- 
ference - 1-5 Nov.   1965 

Gann CPIA Sep..65 

8 Interagency Chemical Rocket iYopulsion 
Group 2nd Combustion Conference,  1-5 Nov., 
Aerospace Corporation,  Los Angeles,  Calif., 
Volune  1 

CPIA May,66 

9 Interagency Chemical Rocket Propulsion 
Group 2nd  Combustion  Conference,   1-5 Nov., 
Aerospace  Corporation,  Los Angeles,   Calif., 
Volume 2 

CPIA May,66 

10 Combustion Conference,   Ird,   Interagency 
Chemical  Rocket Propulsion Group.     17-21 
October   1966,  John  F.   Kennedy  Space  Center 
NASA Cocoa Beach,   Florida.    Volume  1 

CPIA Feb,67 

11 Combustion Conference,  3rd,  Interagency 
Chemical Rocket Propulsion Group.    17-21 
October  1966, John F.  Kennedy Space Center 
NASA Cocoa Beach,  Florida.    Volume 2 

CPIA Feb,67 
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(r) TABLE  ITI 

(Continued) 

I tern 
No. 

DcHrnj jtion 
Titlp Authorfs) A«ency Date 

III.     Proceedinas,   I'rog.  RptH.,  etc. 
(Continued) 

12 Annual   Support ing Research Report -  \')Mi — Hercules Feb.f)? 

n '»th   ICRPG  Combustion  ("onference.     Kx- 
panded  Abatracl«  and   Slides.     Volume  I 

— cm 

U 'ilh   KTUT.  Comlmstinn   Conference.      Kx- 
panded  Abstracts  and  Slides.     Volume   II 

— CI'IA Dec,«.? 

n Ith  ICRPG  Combustion   Conference.     Ex- 
panded  Abstracts  and   Slides 

  ICRPG Dec.()H 

id hth  ICRPG  Combustion  Conference.     Ex- 
panded  Abstracts  and  Slides.     Volume  I 

  CPIA Dec,f.9 

17 Oth  ICRPG  Combustion  Conference.     Ex- 
panded  Abstracts  and  Slides.     Volume   II 

— CPU Dec .()<> 

18 Solid Propellant Technology.     A1AA 
Reprints,   Volume  10 

IV.     Mechanism 

Gross AIAA Feb. 70 

19 Experimental   Studies  of  Unstable  Com- 
bustion   in   Solid-Propellant Rocket 
Motors 

I^andabaum, 
Spai d 

JPL Aug. hi 

20 Interactions   Between   Finite Amplitude 
Pressure  Waves  and  a  Iturning Solid- 
Propel lant  Grain,   Final   Technical  Report 

Carl son, Hocketdyne 
Cum, 

Aug. 62 

21 Low-Frequency Combustion  Instability of 
Solid Rocket Propellanta.     1  July -  1 
Sept  1962. 

Price NOTS  (NVC) Dec ,f)2 

oo Low-Frequency   Combustion   Instability of 
Solid Rocket Propellants.     1  Sept - 1 
May 1963 

Horton,Ei8el , 
Price 

NOTS  (NWC) May. 03 

21 Combustion   Instability  Research  on Solid 
and Liquid Propellant Rocket Motors at 
Sheffield University 

Swi thenbank Sheffield  V. 
England 

Juii,<)3 

2k Low-Frequency  Combustion  Instability of 
Solid Rocket Propellants.     I  May  1963 - 
31 May Wbk 

Price,   Rice. 
Crump 

NOTS  (NWC) Jun, ()'i 

25 Testing the  Dynamic  Stability of  Solid 
Propellanta  - Techniques  and Data 

Horton NOTS   (NWC) Aug, O'I 

raM»ii 
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(v) TABLE ITI 

(Continued) 

Item 
Nn. 

Dpsrription 
Titli- Author(») Agency Date 

IV.     Mechanism 
(Continupd) 

2U Acoustic Absorption Copfficients of the 
Combuation  Products of   Aluminizod Propcl- 
lants.     Final  Report 

Hi hni eh. Aerochem Apr.61 

-'7 Research  on  Combustion  of Solid  1'ropel- 
lants.     Technical   Summary llepnrt for  the 
Period 20  April   l%r) through 30 .func  19(><) 

Muzzy,Drown 
Steinle.Laren 

irre ■ lul ,66 

2H Effects of  Aluminum on  Solid-l'ropellant 
Combustion   Instability 

Oberg.Huebner Rocketdyne 
Cano 

Jul.66 

2<) Combuation  Instability  Studies of Extin- 
guishable Propellants 

Stepp Hercules Sep,M) 

30 Combuation   Instability  Studies of  Extin- 
guishable Propellanta.   First Quarterly 
Progress  Report 

Stepp Hercules Sep .<>() 

V Combustion  Instability  Studies of  Extin- 
guishable Propellants.     Third Progress 
Report 

Stepp.Kramer Hercules •Fun .')7 

Y-i Combustion of  Solid Propellants and  Low 
Frequency Combustion  Instability 

— NOTS (NWC) ■Iun,'>7 

^ Unstable Combustion of  Advanced Solid 
Propellants 

Morfey .Temkin Bolt.Beranek, 
Newman 

Sop ,b7 

V. Research on  Combustion  of  Solid Propel- 
lants.     Technical   Summary Report  for the 
Period 1 July 1966 through 31 August 1967 

Muzzy inc. 0ct.t)7 

■55 Combustion Instability  Studies of  Extin- 
guishable Propellants.     Final Report 

Stepp, Mi Her. 
Yount,Angel us 

Hercules Mar.6H 

% The  Low-Preasure  Combustion of Solid 
Propellants,   Sunmary of  a Study of 

Strand JPL Apr.68 

37 Combustion of  Solid Propellants and Low 
Frequency Combustion  Instability. 
Progress Report 

  NOTS (NWC) Apr.68 

3H A comparison  of Analysis  and Experiment 
for  Solid Propellant Combuation 
Instability 

Beckstead, 
Culick 

NWC May,68 

3(> Acoustic Admittance Measurements Brandon, 
Wood 

Rohm & Haas Jun,68 

IW»0i® 
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dO TABLE IIT 

(Continued) 

Item 
No. 

Descri ption 
Title Author(s) Agency Date 

IV.     Mechaniam 
(Continued) 

'.0 Measurement Problems Related  to Solid 
Rocket Combustion   Instability 

Mathes NWC .riil.()H 

U Low-Frequency Combustion  Instability. 
Progresa Report 

Mathea.Hoggs 
Dehority 

NWC Dec.68 

'i2 Experimental   Studies  on the  Oscillatory 
Combustion of  Solid Propellants 

— NWC Mar,()<) 

45 Nonlinear  Acoustics of Unstable Com- 
bustion Phenomena 

Lee.Ungar Bolt.Beranek. 
Newman 

Feb.d'» 

W T-Burner Manual 

V.     Miscellaneous 

  CPIA Nov.f)') 

45 Investigation  of  Solid Propel lant 
Burning Rate Control  by Acoustic Means. 
Final  Report 

El i as Aooustica 
Asaociatea 

Sep.O^ 

'.(. Propellant Combustion Phenomenon During 
Rapid Depresaunzation 

Capener. 
Dickinson. 
Marxnan 

Stanford 
Research 
Institute 

Sep.ht) 

47 Development of  Propellants  Containing 
an Energetic  Oxidizer 

Rudy UTC Dec.6() 
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SUPPRESSION DEVICE APPLICATIONS 

(U)    Results  of  the  survey are summarized  in Table  IV which identifies 
the motors and relevant propellent,   design,  and  suppression device data 
applicable  to each.     Results  of the  survey are  further discussed in  the 
ensuing paragraphs  by the suppression device categories   previously noted. 

RODS 

(u)    Included in this  category are   those devices   installed  in the grain 
perforation(s) that are  characterized by a  large   length-to-transverse 
dimension ratio and whose  transverse dimensions are  balanced about the 
longitudinal  centerline and are relatively small   compared  to dimensions 
of the  grain perforation.     Thus,  the  so-called resonance   paddles are 
arbitrarily excluded from this  category and included under the  category 
of baffles. 

(u)    The number  of applications of resonance rods  far  outnumber  the 
application of the   other  types  of devices.     Of  the  59 instances  noted  in 
Table   IV,  49 have   involved  this type  of device.     As far as  can be ascer- 
tained,   the  instability involved has  been  in the   transverse modes.     Pre- 
sumably the  rods  have  been relatively effective   in  the applications 
cited, 

(u)    These applications have  involved a variety  of   installation features. 
The rods have been both  cantilivered from one end and supported from both 
ends  of the motor.     Various rod cross-sections have  been  used;   including 
circular,  square,  rectangular,  cruciform,  and  "Z" shapes.     Rods have  been 
installed both partway and for the  full  length  of   the grain perforation. 

(u)    Table V presents a summary of resonance rods applications in terras 
of pertinent motor features.    As can be noted their use  has been, with 
one exception,   in motors with double-base propellant.     It  is interesting 
to note  that  they have  been  successfully used with a wide variety of grain 
designs.    Because  of  the nature of  the double-base  propellants involved 
in these motors  the  propellant grains have been cartridge   loaded rather 
than case bonded. 

(U)    In summary,   the  survey indicates  that resonance rods have had a wide 
and relatively successful application in  the  suppression of   transverse 
modes  of instability.     Their use in  large measure  has  been based  on 
empirical knowledge  gained from experience  rather  than rational design 
methods based on a fundamental  understanding of  the  suppression mecha- 
nism. 

11 
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FABLE   IV 

IBl'STION   INSTABILITY SUPPRESSION DEVICES 
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(D TAH,E V 

SIMttRY OF RESONANCE ROD APPLTCATTONS AND 

MOTOR DESIGN FEATURES 

Total  Number  of Applications—49 

Feature Number  of  Instances 

Propellant Type 

AP/Polyester-Styrene 
Double   Pfese 
Aluminized Double   Rase 

Grain Configuration 

Mult i perforated 
Wagon Wheel 
Star 
Slotted  Tube 
Rod and Tube 
Internal/External   Tube 
Segmented Cylinder 
Multicylinder Assembly 

Grain Loading and Retention 

Cartridge 

1 
46 

o 

14 
9 
6 

11 
1 
2 
1 

49 

MFFLES 

(ij)     This category encompasses   those devices   that project  into  the  inter- 
nal   flow  of  the rocket motor.     Thoy are  characterized  by relatively large 
plane  areas  that can  be   placed  in  the  internal   flow with desired  orienta- 
tion as   to mean flow and  oscillatory motion.     Applications   to date  have 
included  both   longitudinally and  transversely oriented  baffles. 

(u)     The  number  of  application  of  baffles   in solid  propellant motors are 
much  fewer than has  been  the  case with resonance  rods.     This  survey has 
identified six  instances where baffles have  been used.     Five  of   these 
involved  longitudinal  baffle   orientation,  with  the  other  being a   trans- 
verse   installation. 

(u)     The  five applications   of   longitudinal  baffles  are   identified as 
Items  50,   51,   52,   55,  and 54  in  Table  IV.     In  four  of   the   five   instances 
the   instability was  primarily in  the  transverse modes.     The  baffles used 
in  these   instances were   presumably generally effective   in  suppressing 
the   instability.    The  first three  pertain to the VANGUARD third-stage, 
AI.TAIR  I,  and ANTARES motors.     The  design  characteristics   of  these 
motors are similar.     The  grain  configuration is a slotted-tube,   case- 
bonded  configuration of aluminized double-base  propellant.     The  baffles 
in each were similar and  in the  configuration sometime   termed a resonance 
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(V)     paddlo.     The   installation  for  the VANGUARD third-stage  motor   is  shown   in 
Fijr,   1.     This   configuration of   the device  consists  basically of a  flat 
rectangular member  oriented along  the motor axis with   its  transverse 
dimension nearly as   large  as   the   initial   cylindrical   perforation dia- 
meter.     This   rectangular  element   is   fixed   in  place   by suitable   structural 
members  cantilevered   from   the  forward  head. 

(UJ     The   fourth application  of   longitudinal   baffles  noted   (item  5*5  of 
Tahle   TV;   involved developmental   testing  in   the   DC-MAW  sustainer motor. 
The   propellant   in  this motor   is  double-base and  configured,   also,   into a 
slotted-tube  design.     Raffles   similar  to  those  .just described and. 
alternately,   cast   into  the  grain web were  evaluated.     All   of   these 
approaches were  effective   (Ref.   r)). 

(U)     The   fifth application  of  a   longitudinal   baffle   identified was  rela- 
tively  recent and  in   connection with an evaluation  of   its   potential 
effectiveness   in suppression  of  oscillations   in   the  Minuteman  TTT,  Third 
Stage  M-57A1  motor   (Ttem  r)fi   of  Table   TV).     The  application was  unique   in 
that a   longitudinal   baffle was  used with  oscillations   predominately  in 
the   longitudinal  mode.     The   installation  is  shown   in  Fig.   2.     The 
effectiveness   of the  baffle   in  the  single   test  conducted was   obscured  by 
other   test difficulties.     Mo   further evaluation  has  apparently been 
arcompl i shed   (iJef.   ()). 

(M)     The   only   instance  of  application  of a  transverse   baffle   identified 
was   by  Rocketdyne   in   connection with  suppression  of   longitudinal   mode 
instability  in  a  small,   tactical   dual-thrust rocket   motor   (item 55  of 
Table   IV).     The   initial   installation  consisted  of  three   baffles,   each  in 
the   form of a   center-perforated  disc,   oriented   transversely and  placed 
at  selected  locations   in   the motor as  shown  in  Fig.   "5.      This  configura- 
tion  effectively eliminated   the   severe  instability present   in   this motor. 
Subsequent   testing  lias  demonstrated   equally  effective   suppression  by 
means   of a   single  baffle   of   the   same  general  design. 

ACOUSTIC CAVTTTI« 

(ij)     Four  instances   of application  of acoustic  cavities   to  suppress 
oscillatory combustion have  been   identified.     Tn all   cases  they have been 
used   to  suppress   instability  in   the   longitudinal  mode. 

(u)     The  first  use   of acoustic  cavities noted in  this  survey was   in con- 
nection with an   improved  version  of  the A-AMA-1   motor   (item 56,   Table 
TV).     The  suppressor used  here was  an untuned configuration  consisting  of 
several   hundred  small   blind holes with axes  parallel   to  the  motor 
centerline  placed in  the aft closure  insulation.     Although  the  oscilla- 
tions were not  completely  suppressed  the amplitudes were  reduced  to about 
HT'  of   their  former  levels   (Ref.   7). 
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V\      ji\ This  Vaiiv   is  Fuel nss i ('iod 

CENTER CORE 
SUPPORT 

PADDLE SUPPORT 
CYLINDER 

A   /- PADDLE BLADE 

(U) Figure 2.     Longitudinal  Baffle  Installed  in  Hercules 
Minutertian  HI   Third Stage Motor  (M-57A1) 
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(l)     The   last  throe applications   (items 57,  IB, and 59 of Table   TV) of 
cavities  noted  have  been relatively  recent.     These have all   involved   the 
use   of  Heimholt/  resonators.     One   of   these   is   the Advanced SPARHCM   (Mk 
•18)  motor; hui   it has not been possible   to develop the details  of   this 
installation and  its effectiveness.     The  use of a Helrnholtz  resonator   in 
a  small   tactical  motor hao   been  previously reported  by Rocketdvne   (Ref. 
8).     This   installation   is  shown   in  Fip;.   't.     Although  combustion  oscilla- 
tions were  not  completely suppressed,   the   severe   instability  present   in 
the  motor  resulting  in unpredictable   increases   in mean  pressure  and 
thrust  levels was  eliminated and  the   amplitude   of  the  residual   oscilla- 
tions were   less   than  lOJ^ of  previous   levels.     The  third use  of  a   Helrn- 
holtz   resonator was   in  connection with  the   third stage  motor   (.Vf-^TAl)   of 
Minuteman   III   (Ref.   6),     In  this  motor  the   suppressor was   integrated with 
the   igniter  on   the  aft motor  closure  as  shown   in  Fig.   r).     The  effective- 
ness   of   the   resonator was  not   as  good  as anticipated.     However,   because 
of   the  complicated grain  perforation,   the   resulting mode  shape,   and  the 
physical   restraints  associated with  orientation  of  the  resonator   the 
location  of   the   resonator apertures was  not   optimum relative   to   the 
pressure  antinode.     This  fact,   undoubtedly was   significant   in  regard  to 
unsatisfactory  suppression   performance   obtained. 
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SI'MMARY AND CONCLIISTONS 

(I) Tlii s   survey  has defined numerous  applications  of mechanical   sup- 
pression  devices   in  solid  rocket motors.     Instances where  resonance 
rods  h.ivc   been  used   far outnumber   the  applications  of  the  other   types  of 
devices   (hnfiles  and acoustic   cavities).     Although  the  basis  for   their 
use  has   been   largely empirical,   resonance  rods   have  proven  to he  gener- 
ally effective   in   suppression   of high-frequency,   transverse,osci 1 lation 
modes. 

(II) Early application  of  longitudinally oriented  baffles   (in  the   so- 
called   "paddle"  configuration)  apparently evolved  from the  resonance  rod 
usage.     As with  resonance  rods,   the  design and   installation  of  these 
devices   has   been   on an empirical   basis.     The  number  of  such applications 
is  relatively   limited  but  they  have  evidently  been effective   in  signi- 
ficantly  stabilizing  transverse modes.      Instances where   the   longitudi- 
nally placed baffle  has  been evaluated with  regard  to suppressing axial 
mode   oscillations   have  not met with  success.     On  the  other  hand,   instan- 
ces   of  use   of a   transversely  oriented  baffle  have   indicated  effective 
suppression   of  axial   mode   oscillations. 

(Il)    Applications   of acoustic   cavities   to  suppress  solid  rocket  corabus- 
tion   instability are  fewer even  than was   the   case with  baffles.      In  all 
instances   found   their  use  has   been   in  connection with axial   mode   insta- 
bility.     Karly  use   involved  untuned  cavities whose  configuration was 
determined  empirically.     Kven  so.  effective   suppression was   indicated   in 
one   instance. 

(l!)    Recent use  of acoustic  cavities  has   involved   tuned  Helmholtz  resona- 
tors.     During   the  very   limited activity  onlv moderate  success  has   beet: 
achieved   in  suppressing oscillations;   however,   there are  indications   that 
potentially   this   type  of device  can  be  effectively used.     The designs  of 
these acoustic  cavities  have  been  based   on more  substantial   theoretical 
analyses   than  have   the  other  types  of devices.     This  is  due  in  large 
measure   to   the  recent advances  made with   regard   to  instability suppres- 
sion   in   liquid  rocket engines. 

(U)     This   survey has  clearly indicated   that mechanical   suppression 
devices  have   been  effectively used  to suppress   solid rocket  combustion 
instability.     However,   it also  clearly  indicates  that these  applications 
have  been  based  on empirical  knowledge  and experience and  that each  type 
of  device   has  limits  of application   in   terms   of   the  characteristics   of 
the  motor   involved  and  the   instability  to  be   suppressed.     It  is  evident 
that   improved design criteria  being evolved  in  this  contract will  be 
extremely  valuable   to more  efficient utilization  of mechanical  suppres- 
s i on devi ces . 
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